INTRODUCTION
Fibre composite material has been attracted by many industrial sectors due to its robust characteristics such as high strength and high stiffness to weight ratio. The sandwich structures are used by engineers due to its ability to carry high flexural load, less weight and good thermal insulation. In contrast, it has low fire resistance and suffers from the buckling failure (Gay et al. 2003) . Murthy and Munirudrappa (2006) presented an optimization of strength and stiffness for the honeycomb sandwich panel. It was concluded that the maximum bending stiffness occurred at the core to skin weight ratio equal to 2.04. Walker and Smith (2003) presented multi-objective design optimization of fibre composite structure by using FE and genetic algorithms (GA). It was found that the weight and deflection as multi-objective could be optimized by the GA to suite the design engineer. Australian manufacturers have fabricated a new structural sandwich panel for the applications such as pedestrian bridges and railways ( Van-Erp & Rogers 2008) . The sandwich panel is made from ECR-glass fibre for the skin materials and modified phenolic solid core as shown in Figure 1 . The FRP sandwich panel is expected to be used in the civil engineering applications instead of the traditional ply-wood panel. The experimental investigation of this type of sandwich structures was carried out by Manalo et al. (2010) .
However, standards specification and codes for FRP in civil engineering is not available yet except British standard code for the design of composite BS4994 (Bank 2006) and the EUROCOMP design code (Clarke 1996) . Optimization of FRP plate represents a good practice for the designer to find the configuration of plies thickness and orientation angles. This paper discusses the optimum cost design of the FRP sandwich panel for the domestic floor system.
ANALYSIS OF FRP SANDWICH PANEL
The FE simulation is formulated for the analysis FRP composite sandwich panel by using ABAQUS commercial software. The behaviour of this panel is complicated due to the linear behaviour of the FRP skin and the non-linear behaviour of core material in compression, while the core behaviour is approximately linear in tension. The tension and compression behaviour curves of the core were found by the experimental work done by CEEFC, while the softening part is assumed for the analysis. The behaviour of the elastic skin is assumed linear up to failure at stress 336 MPa (Awad et al. 2009 C3D20R. The total number of elements for half of the panel is 2400. The interaction between skin and core is assumed to be full. Hashin elastic failure model was used to find the failure part through the FRP skin plies. The damage of FRP materials is considered and it depends on Hashin failure theory. Hashin theory considers four types of failure: fibre tension, fibre compression, matrix tension and matrix compression (Hashin 1980) . The damage initiation criteria (F) in the four cases are:
Fibre in tension:
Where X T = tension and X C = compression strength in longitudinal direction. Y T = tension and Y C = compression strength in transverse direction. S L and S T are shear in longitudinal and transverse directions. = factor represents shear contribution in the tensile fibre initiation (0 or 1.0). 11 and 22 = normal stresses; 12 = shear stress. Core material is considered relatively same as concrete behaviour. So, the plasticity concrete model was used to simulate the nonlinear behaviour of the core.
FE model of flat-wise panel
This test is made in a form of the major fibre direction along the longitudinal X-axis of the panel as shown in Figure 2 . Half of the panel is simulated due to symmetry. The load deflection curve is shown in Figure 3 . It can be noticed that the behaviour of the panel is approximately linear up to the failure. It is realized from the analysis that the first failure occurred in the top layer of the top skin under compression. The stress analysis of four layers top skin shows that the most of stresses were carried by the 0 o plies compared to the 90 o plies. The failure of the 0 o fibre was noticed under the load position. The failure of the matrix in 90 o fibre was noticed in the top and bottom skins due to tension at the bottom and compression at the top. On the other hand, bottom skin 0 o fibre stile under the ultimate load by about 20%. There are few cracks developed through the bottom face of the core. EUROCOMP is specified the allowable deflection in the service load conditions equal to span/250. The serviceability limit of the civil engineering structure might include few considerations such as the deformation of the structure should not cause any damage for the finishing and non-structural elements. Also, the structure under service load should not have any form of uncomfortable vibration (Clarke 1996 ). The initial analysis described above shows that the maximum allowable working load of sandwich panel is approximately 520 N. In comparison, the failure load of the sandwich panel is around 4855 N. The failure load is about nine times the allowable working load. The ratio of the ultimate load to the working load represents the safety factor of the structure. Gay et al. (2003) explained the design factors for the composite structure were around two for short term loading and four for long term loading as shown in Table ( 2). The aim of this research is to reduce the cost of material used in the production of the sandwich panel. Design methods could be sophisticated to avoid the material wastage and it is recommended to optimize any form of composite structure to reduce the FRP material in the structures (Bank 2006). The design procedure depends on the cost of the two materials. The estimated cost of the ECR glass fibre composite is 5 times the estimates cost for the core. The design variables are the thicknesses and orientations of the four layers skin at top and bottom and the thickness of the core. The initial design was made on the simply supported one-way sandwich panel as shown in Figure 5 . The design variables are the thickness of the skin plies (TT) and thickness of the core (TC).
The GA is one of the efficient design techniques (Almeida & Awruch 2009 ), which it is available in the modeFRONTIER. A genetic algorithm is started with random variables called parents which it is a form of the variables population (Walker & Smith 2003) and it is a probability based algorithm in the process of natural selection (Kang et al. 2008 ) . The objective function and design constraints are explain below:
Objective= Minimize (Vol skins *5+Vol core *1)
≤ .
Where, σ Tf = allowable tensile and σ Cf = allowable compressive stress of FRP skin material; TC =allowable tensile and σ CC = allowable compressive stresses of the core material; Tfu = tension and Cfu = compression strength of the FRP skin. TCu = tension and CCu = compression strength of the core materials; F.S = design factor of safety, which is assumed equal to four in the step one of the dead load and it represents the long term load factor. The factor of safety equal to two is assumed for the total load cases (live and dead load) as explained in Table  2 ; δ = the total vertical deflection. o configuration gives a minimum cost design as shown in Figure 5 and the optimum design results described in Table 3 . The FE analysis was considered to find the actual behaviour of the designed sandwich panel. It was found that the behaviour of the sandwich one-way panel is non-linear up to failure. The top skin is failed at the load factor approximately equal to five. While, the complete failure of the FRP panel at load factor seven is shown in Figure 6 . 
CONCLUDING REMARKS
This paper demonstrates that the FE method is capable of developing a reliable and acceptable behaviour of the FRP sandwich panel. The optimum design is the target point for the using of FRP sandwich panel in civil engineering applications. The present research gives the civil engineers ability to understand the behaviour of the sandwich panel in terms of failure load and the structural configuration. In addition, the cost showed a good objective function to control the design variable selection. The 0/90 o configuration is most appropriate for one way panel. The authors recommend extending this study to cover a comprehensive investigation on the effect of different spans design. In addition, an optimization work should be done on the combinations of different objective functions including materials selection.
